Summary. Variability in the interaction of ram spermatozoa with zona-free hamster eggs was recorded not only amongst individual males but also between the first and second ejaculates of the same male collected 30 min apart. Fusion ability also differed according to the conditions of gamete mixing. This ability decreased after in-vitro storage of undiluted ejaculates at room temperature but lasted for 48\p=n-\192h. The kinetics of sperm\p=n-\egg fusion during the time of gamete incubation varied not only with the time of sperm storage in vitro but also with the ejaculate. When the semen was frozen, the ability of the spermatozoa to fuse was markedly reduced.
Introduction
Since the work of Hanada & Chang (1972) , the capacity of zona-free hamster eggs to interact with alien spermatozoa in vitro has been used as a test to evaluate sperm fertilizing ability, especially that of humans (Yanagimachi, Yanagimachi & Rogers, 1976; Yanagimachi, 1984) . Zona-free hamster eggs have also been used to study the fertilizing ability of spermatozoa of bulls Brackett, Cofone, Boice & Bousquet, 1982) , boars (Majerciak, Pavlok & Babusik, 1982) , stallions (Brackett et ai, 1982) and rams (Pavlok, Petelíková & Fléchon, 1983; Fléchon & Pavlok, 1984) .
The aim of the present paper was to analyse some factors affecting the interaction of ram spermatozoa with zona-free hamster eggs and thus contribute to a critical evaluation of this method for testing the fertilizing ability of spermatozoa. Moreover, the present experiment may be useful in studying some of the functional properties of spermatozoa, among which are the capacity to accomplish the acrosome reaction and the acquisition of the ability to fuse with the oocyte plasma membrane. The latter may be influenced by different in-vitro treatments such as freezing.
Materials and Methods
Mature golden hamster females were superovulated with injections of 100 i.u. PMSG (Bioveta, Ivanovice, Czechoslovakia, or Antex-Leo, Copenhagen, Denmark) per female and 100 i.u. hCG (Praedyn-Spofa, Praha, Czechoslovakia, or Chorulon, Intervet International V.V., Boxmeer, The Netherlands) 72-78 h later. At 16-18 h after the hCG injection, the hamsters were killed, their oocytes isolated, and the zona pellucida dissolved according to the method described by Pavlok 10, undefined crossbreed). For preincubation and mixing with the eggs on the day of collection, the semen was diluted 1:6 to 1:7 with the culture medium and centrifuged for 10 min at 700-900g; the supernatant was discarded and the washing procedure repeated once more. For 15-20 h of storage at 20-24°C, the semen was diluted 1 :2 (v/v) with the culture medium. Undiluted semen (0-4-0-6 ml) was also stored in tightly-stoppered plastic tubes at 20-24°C for more than 24 h (Tables 4, 5 ). The ejaculates stored in these conditions for more than 48 h were supplemented with 1000 i.u. penicillin G, potassium salt, and 1 mg streptomycin sulphate (diluted in 20 µ water) per ml semen. At the end of storage, the dilution and washing procedures were identical to those used for the fresh semen.
The ram semen was frozen at the Jevicko Breeding Station. The composition of the freezing medium was 9-85 g saccharose, 0-85 g EDTA, 0-05 g tritylcresol, 4 ml egg yolk, and 3-4 ml glycerin in distilled water to make 100 ml. Shortly after collection, the semen, diluted with a glycerin-free medium, was cooled from room temperature to 3-5°C for 90-120 min. Immediately after the addition of glycerin, the sperm samples were put into special flat metal bags (20 60 mm) on solid C02 and cooled to -79°C for 100 sec. About 7 min later they were plunged into liquid nitrogen. This procedure has been described in detail by Petelíková, Holas & Koláíová (1980) . The spermatozoa, thawed rapidly by dipping the frozen metal bags directly into a water bath at 50°C for about 20 sec, were diluted with the culture medium (1:2 v/v), and 5-10 min later they were centrifuged at 700-800 g for 10 min. Further washing and preincubation were identical with those used for the fresh semen.
The fresh, stored or frozen semen was incubated, in small amounts of 40-50 µ in special microtubes, at 37-5°C in a humid gas mixture of 5% C02, 10% O, and 85% N2 in Petri dishes; the sperm concentration at that time was 0-8-1-0 109/ml. Using an inverted microscope, we estimated sperm motility before and after preincubation in a small drop of semen under a cover slide. A small amount of preincubated sperm suspension (^1 µ ) was added to the medium containing the oocytes. Sperm concentration in the medium in which the gametes were mixed, estimated with a haemocytometer, varied between 0-2 and 0-8 106 cells/ml. The acrosome morphology before and after preincubation was roughly evaluated in a drop of sperm suspension under a cover slide using a Zeiss phase-contrast (NU-2) microscope after the spermatozoa had been diluted in a phosphate buffer with 4% formalin. About 200-300 spermatozoa were evaluated in each sample. The composition of the culture medium was the same as described by Pavlok (1981) , except that the glucose content was reduced to 4-16 mM.
Sperm interaction with zona-free hamster eggs was carried out in 150 µ of culture medium in watch glasses covered with paraffin oil, except that, in the first experiment (Table 1) , half of the eggs were fertilized in open microtubes in 40-50 µ culture medium without paraffin oil, as in sperm preincubation. The gas composition during the time of sperm-egg interaction was about 3% CO?, 10% 02 and 87% N2. After addition of the spermatozoa, the eggs were incubated for 16-18 h at 37-5°C (see Tables 1,2 , 3,4, 6) or for 2, 3,4-5 and 18 h (Table 5) . At the end of incubation, the eggs were mounted under a cover slide fixed onto the microscopic slide with two strips of Vaseline, fixed for 1 to several days with 25% acetic alcohol, stained with 2% acetic orcein and observed with the same Zeiss phase-contrast (NU-2) microscope. The criterion for penetration was the identification of swollen sperm heads or male pronuclei with sperm tails in the egg cytoplasm. Other details concerning egg fixation, staining and evaluation under a light microscope have been reported previously by Pavlok & McLaren (1972 only when they were mixed with spermatozoa preincubated for 5 or 6 h (Table 1) . Polyspermy was also slightly higher in both the open and closed culture systems in samples with sperm preincubated for these lengths of time (Table 1) .
Fusion ability of ram spermatozoa from 2 ejaculates collected 30-min apart (Facing p. 600)
Undiluted semen was then stored in small amounts (0-4-0-6 ml) at room temperature for up to 192 h. In most ejaculates surprisingly high sperm motility (60-70%) was observed after more than 48 h of storage. Some spermatozoa retained the ability to fuse with the zona-free hamster eggs after 192 h of storage (Table 4) . However, almost all the spermatozoa from samples diluted 1:2 with the culture medium (Table 3) became immotile within about 40 h.
The data shown in Table 5 earlier, while the other part was frozen, stored for 3 weeks and then tested with hamster zona-free eggs. The results in Table 6 show wide differences in the fusion ability of individual ejaculates, even when non-frozen spermatozoa were used. Freezing resulted in a decrease of fusion ability in all sperm samples. Two ejaculates with very low ability before freezing failed to fuse with an egg after freezing. The ability of frozen-thawed spermatozoa to fuse with zona-free hamster eggs seemed to be positively correlated with sperm motility after preincubation. The fresh spermatozoa of Ram 9, tested simultaneously with frozen samples, showed very good fusion ability.
Discussion
Due to technical limitations, we could not measure all the differences in the exchange of gaseous substances (C02, 02) in our system of interacting gametes when the experiments were being prepared and at the time of mixture. Changes in the C02 and 02 levels in the medium not only depended on their concentration in the gas mixture but also on their production and consumption by the gametes and their flow rate into and out of the system. Thus the amount and viscosity of the paraffin oil covering the medium as well as the sperm concentration and the amount of medium could change the conditions of fertilization and affect sperm-egg interaction, as shown in Exp. 1. The open culture system, i.e. without paraffin oil, with a higher pH at the onset (about 7-6-7-8), seemed to be more suitable for fertilization but only when the spermatozoa were preincubated for a longer time. In the subsequent experiments, the sperm-egg fusion rate in the gamete mixing system with paraffin oil was therefore improved by exposing the watch glasses, at the beginning of the interaction, to a C02-free atmosphere for 70-90 min instead of for about 30 min. The amount of medium used to study gamete interaction in vitro varies widely from 1 µ (Siddiquey & Cohen, 1982) to 4 ml . Siddiquey & Cohen (1982) found that very small volumes of 1-5 µ negatively affected the fertilization rate of mouse eggs in vitro. The metabolic activity of the gametes in such small volumes of medium might change the conditions of fertilization obtaining in larger volumes, i.e. mainly the pH. Reversible inhibition of sperm-egg fusion due to low pH was reported for hamsters by Yanagimachi, Miyashiro & Yanagimachi (1980) . According to our results in Tables 2, 3 , 4 and 5, the interaction rate of different sperm samples with zona-free hamster eggs probably reflects the limited number of spermatozoa that are able to interact with zona-free eggs within a given time interval. The effect of human sperm concentration in the zona-free hamster ovum assay has been described by Martin & Taylor (1983) . The inability of the majority of spermatozoa from one semen sample to fuse with zona-free eggs during sperm-egg incubation might be due to two main factors: (1) at the time of sperm-egg incubation, one part of the sperm population is still viable but has not undergone the required membrane changes; and (2) the other part of the sperm population, during the same time interval, has died or already undergone the acrosome reaction.
The fusion ability of spermatozoa from the second ejaculates (Table 2 ) might be lower than that of the first ejaculates or that of spermatozoa stored for 15-20 h before preincubation (Table 5) because most spermatozoa still had intact membranes when incubated with the eggs. The opposite situation might appear after long storage or preincubation (Tables 4, 5) , resulting in the acrosome reaction before the spermatozoa were incubated with the zona-free eggs. The differences between stored and control spermatozoa in the kinetics of sperm-egg fusion indicate some capacitation changes in the spermatozoa, probably before preincubation. The reason for the divergent rates of sperm-egg fusion between individual control (freshly collected) sperm samples is undoubtedly more complex (Table 6 ).
The frequency of polyspermy seems to be related to the rate of egg penetration. Both criteria have been used by , Majerciak et ai (1982) and others for evaluating the ability of spermatozoa to fuse. Some egg fusion was also noted in connection with penetration rate and polyspermy (PI. 1, Figs 1 & 2) . This has been discussed in detail previously by Pavlok, Trávník, Kopecny & Stastná (1982) .
In most of the methods describing the zona-free hamster egg penetration assay, only a very small proportion of the spermatozoa from tested semen samples ( < 0-2%) fuse with the plasma membrane of the oocytes. The fusion ability of the rest of the tested semen population is unknown. The only exceptions are probably irreversibly immotile spermatozoa and those with morphological defects which cause them to miss the chance to fuse with the oocyte plasma membrane or render them completely ineffectual from the start. At present, nothing is known about which part of such a sperm population is implicated in in-vivo fertilization. After copulation or insemination, very small numbers of spermatozoa with an intact acrosome reach the fertilization site (Suarez, Katz & Overstreet, 1983) ; in ewes such intact spermatozoa remain in the caudal isthmus of the oviduct for about 26 h until the time of ovulation (Hunter & Nichol, 1983) .
The sperm penetration assay is a less sensitive test for detecting the defects of the sperm motility apparatus than treatments (cold shock: Harrison & Fléchon, 1980; deep-freezing: Healey, 1969) that are likely to damage the plasma membrane and induce rupture of the acrosome in nearly all the spermatozoa of tested semen samples. Fleming & Yanagimachi (1982) tested the fertilizing ability of guinea-pig spermatozoa after induction of a synchronous acrosome reaction and observed that they could still penetrate intact eggs after about 2 h but were able to interact with zona-free eggs up to 11 h. At that time, motility was nearly zero. Williamson, Koehler, Smith & Karp (1984) , by testing the fusion ability of human spermatozoa with motility defects, illustrated that the factors controlling sperm fusion with the oocyte plasma membrane are independent of those inducing sperm hyperactivity. This may explain why some of our semen samples, stored for more than 1 week and containing only a few motile spermatozoa after preincubation (Table 4) , retained their ability to fuse with zona-free hamster eggs, while the freshly collected semen could not be used for AI after 24 h. The epididymal secretion containing the sperm motility factor (Bavister, Rogers & Yanagimachi, 1978) might be the main component protecting the sperm membranes of ram ejaculates in vitro, because in-vitro storage of ram spermatozoa is prolonged by epididymal fluid (Voglmayr et ai, 1977) .
The present experiments and data in the literature on the importance of sperm motility for invivo fertilization (Gould et ai, 1983; Hunter & Nichol, 1983; Armstrong & Evans, 1984) have shown why it is not logical to relate results from the sperm penetration assay with fertilizing ability in vivo. The zona-free hamster egg penetration assay appears to be more important as a useful method for the experimental study of the characteristics of gamete fusion and of the factors which support or inhibit it.
